Objectives: The aim of this study was to analyse factors associated with progression to AIDS/death in severely immunosuppressed HIV-infected patients receiving ART.
Introduction
Current ART guidelines recommend early initiation of therapy regardless of CD4 count. 1, 2 However, even among patients presenting for care in developed countries, a proportion seek medical care only after advanced immunosuppression has developed. 3, 4 This may vary in different population groups and with geographic origin. 5 Several papers have suggested that patients who initiate ART with advanced HIV may be at greater risk of disease progression compared with those who initiate ART with less immunosuppression. 6, 7 In particular, discordant patients (those with a persistently low CD4 count despite adequate virological response) may progress to AIDS or death more frequently. 8 However, few studies have assessed the interaction between immunological and virological status at baseline (BL) and follow-up and the progression of the disease. 8, 9 The aim of this study was to analyse the role of CD4 and viral load (VL) at BL and at follow-up in severely immunosuppressed HIV-infected patients initiating their first ART regimen.
Methods
The PISCIS Cohort is a multicentre, observational study of HIV-infected individuals aged .18 years followed at 14 participating hospitals in Catalonia and the Balearic Islands (Spain). The ethics committees of the participating hospitals approved the study and patients gave their signed informed consent to participate. Patient follow-up is performed according to published clinical guidelines. Clinical and laboratory parameters were assessed every 3 -6 months during follow-up. Between 1 January 1998 and 31 December 2011, 14 673 HIV-seropositive patients were recruited (73 726 person-years of follow-up). During that period, patients were considered lost to follow-up when clinical and laboratory parameters were not reported for .12 months since the date of administrative censoring (31 December 2011).
We included all ART-naive patients with CD4 ,200 cells/mm 3 at enrolment and who initiated ART consisting of two nucleoside analogues plus either a PI or an NNRTI.
BL for this analysis was defined as the date of the first study visit. In the survival analysis of AIDS/death, a patient was considered as a progressor to AIDS/death if presenting an AIDS event [a first episode or a new AIDSdefining disease in those with a BL diagnosis of AIDS, according to the CDC 2003 definition adapted for Europe (CD4 ,200 cells/mm 3 was not considered an AIDS event)] or death. In the overall survival analysis (event, death), patients with or without AIDS during follow-up were included.
Immunological response (IR) was defined as reaching a threshold of CD4 ≥200 cells/mm 3 on two separate occasions ≥3 months apart and with no further results below this value, before presenting an AIDS event. Virological response (VR) was defined as having an undetectable VL (either ,200 or ,500 copies/mL depending on the detection limit of the assay) in ≥80% of determinations after the first 6 months of follow-up, before presenting an AIDS event.
Statistical analysis
Descriptive results of continuous variables were expressed as medians and IQRs and the results of qualitative variables were presented as frequencies and percentages.
We focused the analyses on the possible effect of CD4 and VL, both at BL and follow-up, in the risk of progression to an AIDS event or death. Kaplan -Meier survival curves were used to determine the probability of the combined endpoint of AIDS/death or death only, using the log-rank test to compare groups stratified by combined BL CD4/VL and whether or not the patient reached IR and/or VR, before the event AIDS/death occurred. Regarding the survival analysis, patients not reaching the events (AIDS/death or death only) were censored at the end of the available follow-up. A Bonferroni correction was applied to adjust the significance level for multiple pairwise comparisons. Cox regression models were used to assess the effect of CD4 and VL on the risk of progression to AIDS/death and death. Three different approaches were considered: (i) stratification of patients according to BL CD4/VL and whether or not IR/VR was reached; (ii) the time needed to achieve immune restoration (CD4 ≥200 cells/mm 3 before an AIDS event) in ,6 months, 6 -12 months, 12-24 months, .24 months or never; and (iii) separately assessing the BL CD4 counts, BL VL and both CD4 counts (≥200 or ,200 cells/mm 3 ) and VL (detectable or undetectable) over time included as time-dependent variables. All models were adjusted for age (.50 or ≤50 years), sex, transmission group (intravenous drug use), hepatitis C virus status, AIDS at BL, ART initiation year (range 1998 -2011) and ART regimen (NRTI +PI or NRTI+NNRTI).
For all statistical analyses, P values ≤0.05 were considered significant. Analyses were performed using SPSS, version 19.0 (SPSS, an IBM company, Chicago, IL, USA).
Results
The analysis included 2295 patients. BL characteristics are detailed in Table 1 . The median follow-up time was 5 years (IQR 2.4 -9.1) and at the end of follow-up, 69.9% had reached a CD4 count ≥200 cells/mm 3 , 64.4% reached VR and 482 (21%) patients had progressed to AIDS/death. Ferrer et al. Figure 1 shows the percentages of patients with progression to AIDS/death stratified by BL CD4/VL and whether or not IR or VR were achieved during follow-up. At 5 years, the highest disease progression (77.8% AIDS/death) was observed in patients in the worst scenario, i.e. those with BL CD4 count ≤100 cells/mm 3 and VL .5 log copies/mL and who did not achieve either IR or VR during follow-up. Patients with a better BL situation, but poor virological or immunological response, also had a poor outcome, with 59.9% having disease progression. Patients with any BL situation and VR during follow-up (persistent CD4 count ,200 cells/mm 3 ) experienced reduced disease progression (35.4% AIDS/death), whereas only 18.1% of patients reaching IR, but not VR, had disease progression. The lowest rate of disease progression was found in patients who reached both IR and VR during follow-up, regardless of their BL situation (1.9% in BL CD4 .100 cells/mm 3 and VL ,5 log copies/mL; 2.3% in BL CD4 ≤100 cells/mm 3 and/or VL .5 log copies/mL). Overall, statistically significant differences were found between groups (P, 0.001). These results were confirmed after adjusting for BL variables and confounders in a multivariate Cox regression model (Model 1, Table 2 ). Similar results were found in the analysis of overall survival (Figure 1b ) and also were confirmed by the multivariate Cox regression model (data not shown).
Since reaching CD4 ≥200 cells/mm 3 during follow-up plays an important role in progression to AIDS/death, we studied the possible effect on disease progression of the time taken to reach CD4 ≥200 cells/mm 3 . In a multivariate Cox regression model (Model 2, Table 2 ), not reaching immune restoration during follow-up was independently associated with a higher risk of disease progression, compared with reaching CD4 ≥200 cells/mm 3 in ,6 months (HR¼4.52, 95% CI¼3.29-6.19, P,0.001), although a non-significant trend was observed when comparing this with 6-12, 12-24 and .24 months to immune restoration (HR¼1.46, 95% CI ¼ 0.98 -2.18, P ¼ 0.064; HR ¼ 1.45, 95% CI ¼ 0.98 -2.14, P¼0.061; and HR¼1.34, 95% CI¼0.95-1.90, P¼0.093, respectively).
Finally, in order to assess the possible effect in the risk of progression to AIDS/death of CD4 and VL separately, both at BL and follow-up, a multivariate Cox regression model approach was used (Model 3, Table 2 ). The following variables were independently associated with progression to AIDS/death: BL CD4 (51 -100 cells/mm 3 In all three multivariate Cox regression model approaches, age (.50 years) and AIDS at BL were significantly associated with disease progression (see Table 2 ).
All previous analyses were replicated for patients without prior AIDS (n¼ 1433), obtaining similar results (data not shown). In the multivariate Cox regression model, CD4 count ,200 cells/mm 3 during follow-up as a time-dependent variable (HR ¼ 3.55, 95% CI ¼ 2.57 -4.92, P, 0.001) was also the strongest factor associated with AIDS/death.
Discussion
Our data show that in severely immunosuppressed patients initiating ART, reaching CD4 ≥200 cells/mm 3 (immunological response) and undetectable VL (virological response) during follow-up is associated with a very low rate of disease progression, regardless of BL status. In contrast, a majority of patients not reaching this virological or immunological outcome will experience disease progression. Intermediate between these extremes are reaching CD4 ≥200 cells/mm 3 , but not undetectable VL, and achieving virological suppression, but not CD4 restoration, although the former has a better clinical outcome. Similar results were obtained when only death was considered as the endpoint.
Our study partially supports previous data highlighting the value of CD4 increases by 6 months. 10 Disease progression was significantly reduced in patients reaching CD4 count ≥200 cells/mm 3 before 6 months of follow-up compared with patients not reaching CD4 ≥200 cells/mm 3 during the study period. A non-significant trend was observed when comparing reaching CD4 count ≥200 cells/mm 3 in ,6 months versus after 6, 12 and 24 months. Several variables were independently associated with disease progression, including age, VL at BL and follow-up and CD4 count ,200 cells/mm 3 during follow-up, but the latter had the greatest impact with HR of 4.86 and 3.55 in patients with or without a diagnosis of AIDS at BL, respectively. Antiretroviral regimens achieving more rapid viral suppression and improved CD4 recovery may be associated with reduced disease progression. However, it is difficult to confirm this important observation in clinical trials because international guidelines in recent years recommend early ART initiation and the number of enrolled patients with CD4 counts ,200 cells/mm 3 is very low. 11, 12 A lengthy, outstanding paper has recently evaluated the longterm mortality of HIV-infected patients with incomplete CD4 recovery, a proportion of whom remained with a CD4 count ,200 cells/mm 3 . 13 Our sample is smaller, but by virtue of the different design, we add further information not provided by that study. As with other studies, 14 they only included patients with viral suppression and did not study the role of the combined effect of CD4 and VL changes or measure outcomes according to different scenarios related to BL CD4 and VL. Our design allows us to evaluate different situations that occur in real life and helps to elucidate the expected morbidity and mortality in patients who do not achieve viral suppression and/or CD4 recovery due to poor adherence, older age, etc.
Although the role and periodicity of CD4 monitoring in the management of HIV-infected patients has become controversial, it has been recognized that in late presenters CD4 count may be helpful for several reasons such as prophylaxis of opportunistic infections. 15 Our data support the use of CD4 determinations in severely immunosuppressed patients as a prognostic marker of disease progression and survival, importantly contributing to the planification of health resources and clinical management of this special population.
Our study has several important limitations. Therapy discontinuation or changes as well as adherence were not recorded. Until recently, integrase inhibitors were not given as first-line therapy in Spain. Several studies have shown better virological and/or immunological response as well as better tolerability-a crucial aspect in advanced patients-with integrase inhibitorcontaining regimens compared with PI-or NNRTI-containing regimens. 16, 17 Thus, our data might be further improved in patients treated with this new ART class. Eighty percent of patients were men, impeding the extrapolation of our results to women.
As we have only analysed progression to AIDS-defining diseases and death, important outcomes in immunosuppressed HIV-infected patients such as non-AIDS-defining comorbidities are not known in our cohort. 18 In addition, causes of AIDS/ death are not provided in this study.
Despite these limitations, our study provides important data on the role of CD4 count and VL at BL and during follow-up and other clinical factors in disease progression. These results, prospectively obtained in routine clinical practice, may contribute to the knowledge of the expected clinical course and antiretroviral response in patients who are severely immunosuppressed at the time of ART initiation in the real world.
In summary, in severely immunosuppressed patients starting ART, achieving a CD4 ≥200 cells/mm 3 is the main predictor of decreased progression to AIDS/death. However, in those not reaching this CD4 threshold, virological suppression is sufficient to reduce disease progression by half. Finally, even in the worst scenario of CD4 ≤100 cells/mm 3 and/or high VL at BL, virological suppression and immune reconstitution are associated with a dramatic decrease in progression to AIDS/death. The current availability of newer, more effective and better-tolerated ART regimens may even improve upon the present results. In addition, therapies restoring the number and function of CD4 cells are needed to further increase the survival of patients presenting to medical care at advanced stages of HIV disease. More importantly, great efforts should be made to increase early diagnosis of HIV infection.
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